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SIGNAL PROCESSING DEVICE AND
SIGNAL PROCESSING METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a continuation application of PCT International
Application No. PCT/JP2016/082573 filed on Nov. 2, 2016,
designating the United States of America, which 1s based on

and claims priority of Japanese Patent Application No.
2015-236148 filed on Dec. 2, 2015. The entire disclosures of

the above-identified applications, including the specifica-
tions, drawings and claims are incorporated herein by ref-
erence 1n their entirety.

FIELD

The present disclosure relates to a signal processing
device and a signal processing method.

BACKGROUND

With the recent advances in recording technology and
broadcasting technology, the quality of broadcast content
has improved. In particular, such advances have allowed an
audio signal to include rich deep bass components. In
contrast, 1n a television (TV) serving as a receiver of such an
audio signal, resonance of the housing (so-called chattering)
1s likely to be caused by the deep bass components, as a
result of design-oriented housing such as thinner or flat

housing, and demands for cost reduction.

In order to solve such a problem, a technique has been
developed for removing the frequency components which
cause the chattering of the housing from an mput audio
signal (for example, Patent Literature (PTL) 1).

In the technique disclosed in PTL 1, when the frequency
components which cause the chattering of the housing of a
signal processing device are high, the level of attenuation
performed by the band-stop filter 1s increased, whereas when
the frequency components which cause the chattering of the
housing are low, the level of attenuation performed by the
band-stop filter 1s reduced. With this, the resonance of the
housing caused by an imput audio signal 1s reduced to
prevent the sound of the input audio signal being impaired.

CITATION LIST
Patent Literature

[PTL 1] Japanese Unexamined Patent Application Publi-
cation No. 2000-078497

[PTL 2] Japanese Unexamined Patent Application Publi-
cation No. 2004-101797

SUMMARY
Technical Problem

However, in the technique disclosed in PTL 1, when the
frequency components which cause the resonance of the
housing rapidly varies in the mput audio signal, detection of
the frequency components which cause the resonance of the
housing or correction or the like of the characteristics of the
band-stop filter 1s lagged. This may cause the chattering or
discomiort 1n sound due to rapidly performed correction of
the characteristics of the band-stop filter.
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2

The present disclosure has been conceived 1n view of such
problems 1n the conventional techniques. An object of the
present disclosure 1s to provide a signal processing device
which 1s capable of reducing resonance of the housing
caused by an mput audio signal, as well as reducing impair-
ment of the sound of the mput audio signal.

Solution to Problem

In order to solve the above problems, a signal processing
device according to one aspect of the present disclosure 1s a
signal processing device which includes: a speaker; a hous-
ing to which the speaker 1s attached; a resonant band-pass
filter which extracts a frequency component which causes
resonance of the housing from an input signal; a harmonic
generating unit which generates a harmonic signal for an
output signal of the resonant band-pass filter; an adding unit
which adds an output signal of the harmonic generating unit
and at least a portion of a frequency component of the mput
signal; and a resonant band-stop filter which removes the
frequency component which causes the resonance of the
housing from an output signal of the adding unit.

Moreover, 1 order to solve the above problems, a signal
processing method according to another aspect of the pres-
ent disclosure 1s a signal processing method performed by a
signal processing device which includes a speaker and a
housing to which the speaker 1s attached. The method
includes: extracting a frequency component which causes
resonance of the housing from an mput signal; generating a
harmonic signal for the frequency component extracted in
the extracting; adding the harmonic signal generated in the
generating and at least a portion of a frequency component
of the mput signal; and removing the frequency component
which causes the resonance of the housing from a signal
obtained by the adding.

Advantageous Ellects

According to the present disclosure, 1t 1s possible to
provide a signal processing device which 1s capable of
reducing resonance of the housing caused by an input audio
signal, as well as reducing impairment of the sound of the
input audio signal.

BRIEF DESCRIPTION OF DRAWINGS

These and other objects, advantages and features of the
disclosure will become apparent from the following descrip-
tion thereol taken in conjunction with the accompanying

drawings that illustrate a specific embodiment of the present
disclosure.

FIG. 1 1s a block diagram 1llustrating a configuration of a
signal processing device according to Embodiment 1.

FIG. 2 1s an external view of a digital television according,
to Embodiment 1.

FIG. 3 1s a block diagram 1llustrating a configuration of a
signal processing device for meeting various resonant fre-
quencies.

FIG. 4 15 a block diagram 1llustrating a configuration of a
signal processing device for meeting various resonance
sensitivities.

FIG. 5 1s a block diagram of the digital television accord-
ing to Embodiment 1.

FIG. 6 1s a flowchart of the operations of the signal
processing device according to Embodiment 1.
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FIG. 7 1s a block diagram 1llustrating a configuration of a
signal processing device according to a conventional tech-
nique.

FIG. 8 1s a block diagram 1llustrating a configuration of a
signal processing device which uses missing fundamental
phenomenon.

DESCRIPTION OF EMBODIMENT

(Underlying Knowledge Forming Basis of the Present
Disclosure)

First, the problems to be solved by the present disclosure
and underlying knowledge forming basis of a signal pro-
cessing device according to Embodiment 1 will be described
with reference to FIG. 7 and FIG. 8. FIG. 7 1s a block
diagram 1illustrating a configuration of a signal processing
device 100a according to a conventional technique. FIG. 8
1s a block diagram illustrating a configuration of a signal
processing device 1000 which uses missing fundamental
phenomenon.

The signal processing device 100a 1illustrated in FIG. 7
includes: a band-pass filter 140 which extracts the frequency
components which cause chattering of a housing 101 from
an 1mput signal; a variable band-stop filter 143 which attenu-
ates the frequency components which cause the resonance of
the housing 101 from the input signal; a detection unit 141
which detects the level of amplitude of an output signal of
the band-pass filter 140; and a control unit 142 which
determines the gain (the level of attenuation) of the variable
band-stop filter 143 according to a detection value of the
detection unit 141. Moreover, a speaker 144 which outputs
the sound of an output signal of the variable band-stop filter
143 1s attached to the housing 101. In the conventional
technique, with such a configuration, when the frequency
components which cause the chattering of the housing 101
1s high, the level of attenuation performed by the variable
band-stop filter 143 1s increased, and when the frequency
components which cause the chattering of the housing 101
1s low, the level of attenuation performed by the variable
band-stop filter 143 1s reduced. By doing so, the resonance
of the housing 101 caused by the input audio signal 1is
reduced, without impairing the sound of the mput audio
signal to the maximum extent.

Moreover, 1n the technique illustrated in FIG. 8, a psy-
choacoustic phenomenon referred to as the missing funda-
mental phenomenon 1s used. The missing fundamental phe-
nomenon 1s a phenomenon 1n which even 1f the fundamental
sound (for example, 50 Hz sound) 1s missing, when its
harmonics (harmonic components) are present (when the
fundamental sound 1s 50 Hz, and harmonics such as 100 Hz,
150 Hz, 200 Hz, 250 Hz, etc., are present), the missing
fundamental sound 1s auditorily heard. Note that, in the
present application, the second harmonic 1s referred to as the
first overtone, the third harmonic 1s referred to as the second
overtone, the (N+1) harmonic 1s referred to as the N-th
overtone.

The signal processing device 1005 illustrated 1n FIG. 8
includes: a band-pass filter 150 which extracts the frequency
components of the fundamental sound from an mput signal;
a harmonic generating unit 151 which generates a harmonic
signal for an output signal of the band-pass filter 150; an
adding unit 152 which adds an output signal of the harmonic
generating unit 151 and at least a portion of the frequency
components of the mput signal; and a speaker 153 which
outputs the sound of an output signal of the adding unit 152.
With such a configuration, 1n the signal processing device
1005 1llustrated in FIG. 8, the low frequency components
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4

serving as the fundamental sound are added to the input
signal, and outputted by the speaker 153. Hence, even if the

speaker 153 cannot reproduce the frequency components
serving as the fundamental sound, a listener can hear the
fundamental sound components. Therefore, the signal pro-
cessing device 1005 illustrated 1n FIG. 8 1s capable of
maintaining the good sound quality even with an mexpen-
sive speaker (see PTL 2). The signal processing device
according to the present disclosure 1s configured with the
afore-mentioned knowledge as the basis of the present
disclosure.

Heremnaftter, a signal processing device, which is capable
of solving the above described problems, reducing reso-
nance of the housing caused by an mput audio signal, and
reducing the sound of the input audio signal being impaired,
will be described with the following embodiment as an
example. The following embodiment shows one specific
example. The numerical values, shapes, materials, structural
clements, arrangement positions and connection states of the
structural elements, steps, the order of the steps, etc., indi-
cated 1n the embodiment below are examples, and are not
intended to limit the present disclosure. Moreover, among
the structural elements in the following embodiment, the
structural elements which are not recited in the independent
claims defining the most generic concept are described as
optional structural elements.

Embodiment 1

A signal processing device 1 according to Embodiment 1
will be described with reference to the drawings.

FIG. 1 1llustrates a configuration of the signal processing
device 1 according to Embodiment 1. FIG. 2 1s an external
view of a digital television according to Embodiment 1.

The signal processing device 1 according to Embodiment
1 1mcludes a speaker 14, and a housing 15 to which the
speaker 14 1s attached. The signal processing device 1 1s
capable of reducing resonance of the housing 135 caused by
an 1mmput audio signal, as well as reducing the sound of the
input audio signal being impaired.

The signal processing device 1 illustrated 1n FIG. 1
includes: a resonant band-pass filter 10 which extracts the
frequency components which cause resonance of the hous-
ing 15 from an nput signal; a harmonic generating unit 11
which generates a harmonic signal for an output signal of the
resonant band-pass filter 10; an adding unit 12 which adds
an output signal of the harmonic generating unit 11 and at
least a portion of the frequency components of the mput
signal; a resonant band-stop filter 13 which removes the
frequency components which cause the resonance from an
output signal of the adding unit 12; and the speaker 14 which
1s attached to the housing 15.

The signal processing device 1 1llustrated 1n FIG. 1 1s, for
example, disposed in the housing 15 of a digital television
16 whose external view 1s 1llustrated 1n FIG. 2.

In FIG. 2, the digital television 16 includes, for example,
the speakers 14, and a display 17 in the housing 15. The
speakers 14 1llustrated 1n FIG. 2 are the same as the speaker
14 illustrated 1n FIG. 1. Moreover, the housing 15 illustrated
in FIG. 2 1s the same as the housing 15 1llustrated 1n FI1G. 1.

The operations of the signal processing device 1 thus
configured will be described below.

First, the resonant band-pass filter 10 extracts the fre-
quency components which cause resonance of the housing
15 from an mput signal. For example, when the frequency
components around 50 Hz are the cause of the resonance of
the housing 15, the resonant band-pass filter 10 extracts the
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frequency components including 50 Hz. Note that the reso-
nant band-pass filter 10 may be a low-pass filter including 50
Hz.

Subsequently, the harmonic generating unit 11 generates
a harmonic signal for an output signal of the resonant
band-pass filter 10. A harmonic signal may be generated by
any type of unit, and, for example, may be generated by the
unit disclosed 1 PTL 2.

Subsequently, the adding unit 12 adds an output signal of
the harmonic generating unit 11 and the mput signal. Here,
the put signal that 1s added to the output signal of the
harmonic generating unit 11 may include at least a portion
of the frequency components of the input signal. For
example, the mput signal may include the frequency com-
ponents processed for sound quality adjustment.

Subsequently, the resonant band-stop filter 13 removes
the frequency components which cause the resonance from
an output signal of the adding unit 12. In the signal pro-
cessing device 1 according to Embodiment 1, the frequency
components around 50 Hz are assumed to be the cause of the
resonance of the housing 15, and thus, the resonant band-
stop filter 13 attenuates the frequency band including 50 Hz.
Note that the sound can be maintained because the harmonic
components have been generated by the harmonic generat-
ing unit 11. Hence, the resonant band-stop filter 13 may
attenuate the frequency components of the band including
50 Hz. This reliably reduces the chattering of the housing 15.

Finally, the speaker 14 outputs the sound of an output
signal of the resonant band-stop filter 13. The speaker 14 1s
attached to the housing 15. The frequency components
which cause the resonance of the housing 15 have been
removed from the output signal of the resonant band-stop
filter 13.

As described above, the signal processing device 1
according to Embodiment 1 includes: the resonant band-pass
filter 10 which extracts the frequency components which
cause the resonance of the housing 15 from an input signal;
the harmonic generating unit 11 which generates a harmonic
signal for an output signal of the resonant band-pass filter
10; the adding unit 12 which adds an output signal of the
harmonic generating unit 11 and at least portion of the
frequency components of the input signal; and the resonant
band-stop filter 13 which removes the frequency compo-
nents which cause the resonance from an output signal of the
adding unit 12. With this, 1t 1s possible to reduce the
resonance of the housing 15. Moreover, the frequency
components which have been attenuated to reduce the
resonance of the housing 135 can be auditorily compensated
by the psychoacoustic phenomenon of the missing funda-
mental.

Note that, in the signal processing device 1 according to
Embodiment 1, the frequency components which cause the
resonance of the housing 135 1s assumed to be 50 Hz, but the
value diflers depending on the devices. For example, when
the frequency components which cause the resonance of the
housing 15 1s 100 Hz, the third harmonic (second overtone)
1s already 300 Hz, and thus, generating much higher har-
monics results 1n an output of rather an unpleasant noise. In
contrast, when the frequency components which cause the
resonance of the housing 15 1s 50 Hz, even if the fifth
harmonic 1s generated, the fifth harmonic 1s still 250 Hz
which 1s less likely to be an unpleasant noise. Accordingly,
the level of harmonic that 1s generated differs depending on
the level of the frequency components which cause the
resonance ol the housing 15.

Hereinafter, a configuration of a signal processing device
2 for adjusting the level of harmonic that i1s generated
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depending on the level of the frequency components which
cause the resonance of the housing 15 will be described.
FIG. 3 1s a block diagram illustrating a configuration of the
signal processing device 2 for meeting various resonant
frequencies.

As 1illustrated i FIG. 3, the signal processing device 2
includes the resonant band-pass filter 10, a harmonic gen-
erating unit 21, an adding unit 22, a resonant band-stop filter
23, a speaker 24, a setting umit 25, and a harmonic adjusting
unit 26.

The signal processing device 2 1s different from the signal
processing device 1 1illustrated in FIG. 1 1n that the signal
processing device 2 includes the setting unit 25 which sets
information on the characteristics of the housing 15, and the
harmonic adjusting unit 26 which adjusts an output signal of
the harmonic generating unmt 21 according to the informa-
tion set by the setting umit 25. The setting unit 25 sets, as the
information on the characteristics of the housing 15, infor-
mation (frequency F) that indicates the frequency compo-
nents which cause resonance of the housing 15.

With such a configuration, when the setting unit 25 sets
the frequency F which causes the resonance of the housing
15, the harmonic adjusting unit 26 performs adjustment such
that a signal including an N-th overtone generated by the
harmonic generating unit 21 1s sent to the adding unit 22,
when the frequency F 1s lower than a predetermined value
(P). Moreover, when the frequency F 1s higher than or equal
to the predetermined value (P), the harmonic adjusting unit
26 performs adjustment such that a signal including an M-th
overtone (where M 1s less than N) generated by the harmonic
generating unit 21 1s sent to the adding unit 22.

Here, the relationships among F, P, and N described above
are determined as described below. Harmonic components
tend to be an unpleasant sound when reaching overly high
frequency components. For example, 1t 1s assumed that
when harmonic components are present 1n the frequency
bands above 400 Hz, the harmonic components become an
unpleasant sound. Moreover, presence of overly higher
harmonic components also results 1n an unpleasant sound.
For example, presence of components up to the third over-
tone (fourth harmonic) 1s enough to make the fundamental
sound suthciently perceived due to the missing fundamental
phenomenon, and thus, the higher harmonic components are
unnecessary. In this case, N 1s 3, and P 1s 100. In other
words, when the frequency F 1s higher than or equal to 100
Hz, the third overtone 1s higher than or equal to 400 Hz,
which results 1n an unpleasant sound being perceived. On
the other hand, when the frequency F 1s lower than 100 Hz,
the third overtone 1s less than 400 Hz, and thus, generating
up to the third overtone does not result 1n an unpleasant
sound. Accordingly, when the frequency F 1s lower than P,
the N-th overtone 1s generated, and when the frequency F 1s
higher than or equal to P, the M-th overtone, which 1s lower
than the N-th overtone, 1s generated. Note that the above
described values of F, P, N, and M are examples.

By doing so, control can be performed such that the
harmonic components do not have adverse eflects on the
resultant sound. Note that the above described degree (M-th
may be 0.

Moreover, the sensitivity which causes resonance of the
housing 15 (resonance sensitivity) also differs depending on
the devices. Here, the term “sensitivity” refers to how
sensitive the resonance occurs. When the value of the
sensitivity 1s greater than a predetermined value, the sensi-
tivity 1s assumed to be high (the state where chattering of the
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housing 135 easily occurs), and when the value 1s less than or
equal to the predetermined value, the sensitivity 1s assumed
to be low.

A configuration of a signal processing device 3 for
adjusting the sensitivity of resonance of the housing 15 will
be described below. FIG. 4 1s a block diagram 1llustrating a
configuration of the signal processing device 3 for meeting
various resonance sensitivities.

As 1llustrated 1n FIG. 4, the signal processing device 3
includes the resonant band-pass filter 10, a harmonic gen-
erating unit 31, an adding unit 32, a resonant band-stop filter
33, a speaker 34, a setting unit 35, a harmonic adjusting unit
36, and a filter adjusting unit 37.

The signal processing device 3 1s different from the signal
processing device 1 1illustrated 1in FIG. 1 1n that the signal
processing device 3 includes: the setting unit 35 which sets
information on the characteristics of the housing 15; the
harmonic adjusting unit 36 which adjusts an output signal of
the harmonic generating unit 31 according to the informa-
tion set by the setting unit 35; and a filter adjusting unit 37
which adjusts the gain (level of attenuation) of the resonant
band-stop filter 33 according to the information set by the
setting unit 35. The setting unit 35 sets information indicat-
ing the resonance sensitivity of the housing 135 as the
information on the characteristics of the housing 15.

With such a configuration, the harmonic adjusting unit 36
amplifies an output signal of the harmonic generating unit 31
by A times and sends the amplified signal to the adding unit
32, when the information (S) indicating the sensitivity set by
the setting unit 35 1s greater than a predetermined value (for
example, the reciprocal of X below) (when chattering of the
housing 15 easily occurs). Moreover, when the information
(S) indicating the sensitivity set by the setting unit 35 i1s less
than or equal to the predetermined value, the harmonic
adjusting unit 36 amplifies the output signal of the harmonic
generating unit 31 by B times (where B 1s less than A), and
sends the amplified signal to the adding umit 32. Note that A
and B are values which satisiy the relation of A>B. Here, A
and B each may be set to be greater than 1.

Moreover, when the information (S) indicating the sen-
sitivity set by the setting umt 35 1s greater than the prede-
termined value (when chattering of the housing 15 easily
occurs), the harmonic adjusting unit 36 sets the gain of the
resonant band-stop filter 33 to be -G (so that the level of
attenuation 1s high). Moreover, when the information (S)
indicating the sensitivity set by the setting unit 35 i1s less than
or equal to the predetermined value, the harmonic adjusting
unit 36 sets the gain of the resonance band-stop filter 33 to
be —H which 1s greater than -G (so that the level of
attenuation 1s low). By doing so, even when the chattering
of the housing 135 easily occurs, the chattering can be
reliably reduced. The frequency band loss caused by the
chattering can be compensated by increasing the harmonics.
Moreover, when the chattering of the housing 15 1s less
likely to occur, sound close to the original sound can be
output by reducing the harmonics.

Here, the above described S 1s as described below. When
a signal having an amplitude which gradually increases 1s
output and the amplitude value at which the chattering of the
housing 15 starts to occur 1s X, the chattering of the housing
15 1s less likely to occur when X 1s large, and the chattering
of the housing 15 1s likely to occur when X 1s small. Since
it 1s defined that the chattering 1s likely to occur the greater
the value of S becomes, S 1s an index which decreases 1n
accordance with an increase mm X, such as S being the
reciprocal of X. Moreover, the above described -G and -H
are values obtained by decibel conversion of the gain of the
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filter. For example, -G 1s =18 dB, and —H 1s -6 dB. Note that
the above values of H and G are examples.

The configurations of the respective units, filters and the
like of the signal processing devices 1 to 3 may be entirely
or partially implemented by hardware, or software.

FIG. 5 1s a block diagram of a digital television 16
according to Embodiment 1, and 1llustrates a configuration
of the digital television 16 implementing the signal process-
ing devices 1 to 3 by software.

In FIG. 5, the digital television 16 includes the speaker 14,
the display 17, a system LSI (Large Scale Integration: large
scale integrated circuit) 71, an antenna 72, and a keyboard
73. The system LSI 71 includes a tuner 711, an AV decoder
712, a memory 713, a central processing unit (CPU) 714, an
interface (I/F) 715, audio output unit 716, and a video output
unit 717.

The digital television 16 may include, among the above
structural elements, only the speaker 14, the display 17, and
the system LSI 71. In that case, the digital television 16 may
be connected to the antenna 72 or the keyboard 73 by a cable
or the like.

The antenna 72 receives a broadcast signal of the digital
television 16, and transmits the received signal to the System
L.SI 71. The system LSI 71 outputs an audio signal and a
video signal by demodulating the broadcast signal transmit-
ted from the antenna 72. The speaker 14 converts the audio
signal transmitted from the system LSI 71 into sound and
outputs the sound. The display 17 converts the video signal
transmitted from the system LSI 71 into video and outputs
the video.

In the system LLSI 71, the broadcast signal 1s converted to
a digital signal of a desired channel by the tuner 711, and
transmitted to the AV decoder 712. In the AV decoder 712,
the digital signal transmitted from the tuner 711 1s decoded
to generate an audio signal and a video signal. The memory
713 stores a program for realizing the functions of the
above-described signal processing devices when executed
by the CPU 714. When the CPU 714 reads out the program
from the memory 713 and executes the program, the audio
signal generated by the AV decoder 712 1s processed and
transmitted to the audio output unit 716. The audio output
umt 716 outputs the audio signal. The video signal generated
by the AV decoder 712 1s transmitted to the video output unit
717. The video output unit 717 outputs the video signal.

The system LSI 71 further includes an interface 715. An
external input unit, such as the keyboard 73, can be con-
nected to the interface 715. The mterface 715 1s used to set
the frequency components which cause resonance of the
housing 15 of the digital television 16, information indicat-
ing the resonance sensitivity of the housing 15, and the like
to the system LSI 71 using the keyboard 73 or the like.

Next, a signal processing method performed by the signal
processing device 1 will be described. FIG. 6 1s a flowchart
of the operations of the signal processing device 1 according
to Embodiment 1.

As 1llustrated 1n FIG. 6, first, the signal processing device
1 according to Embodiment 1 receives an audio signal (step
S81). Subsequently, the resonant band-pass filter 10 extracts
the resonant frequency components of the housing 135
included 1n the audio signal recerved at step S81 (step S82).
Subsequently, a harmonic signal 1s generated, by the har-
monic generating unit 11, for the resonant frequency com-
ponents of the housing 15 extracted 1n step S82 (step S83).
Next, the adding unit 12 adds the harmonic signal generated
in step S83 and the audio signal received by the signal
processing device 1 1n step S81 (step S84). Then, the
resonant band-stop filter 13 removes the frequency compo-
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nents which cause the resonance from the signal obtained by
the adding 1n step S84 (step S85). With the signal processing
method as described above, the signal processing device 1 1s
capable of reducing the resonance of the housing 15, as well
as auditorily compensating the frequency components
attenuated 1n order to reduce the resonance of the housing
15, using the psychoacoustic phenomenon of the missing
fundamental.

Note that the operations similar to those performed by the
signal processing device 1 are performed by the signal
processing device 2 and the signal processing device 3, and
thus, the descriptions thereof will be omitted.

As described above, according to the signal processing
devices 1 to 3 according to Embodiment 1, 1t 1s possible to
reduce the resonance of the housing caused by an input
audio signal, and to reduce the sound of the mput audio
signal being impaired.

Although the signal processing device according to one or
more aspects has been described based on the embodiment,
the present disclosure 1s not limited to such an embodiment.
Although only one exemplary embodiment of the present
disclosure have been described 1n detail above, those skilled
in the art will readily appreciate that many modifications are
possible 1 the exemplary embodiment without materially
departing from the novel teachings and advantages of the
present disclosure. Accordingly, all such modifications are
intended to be included within the scope of the present
disclosure.

INDUSTRIAL APPLICABILITY

The signal processing device according to the present
disclosure can be applied to televisions, car audio, portable
devices such as smart phones and tablets.

The 1nvention claimed 1s:
1. A signal processing device comprising:
a speaker;
a housing to which the speaker 1s attached;
a resonant band-pass filter which extracts a frequency
component which causes resonance of the housing
from an mput signal;
a harmonic generating unit configured to generate a
harmonic signal for an output signal of the resonant
band-pass filter;
an adding unit configured to add an output signal of the
harmonic generating unit and at least a portion of a
frequency component of the input signal; and
a resonant band-stop filter which removes the frequency
component which causes the resonance of the housing
from an output signal of the adding unat.
2. The signal processing device according to claim 1,
turther comprising;:
a setting unit configured to set information on a charac-
teristic of the housing; and
a harmonic adjusting unit configured to adjust the output
signal of the harmonic generating unit according to the
information set by the setting unit,
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wherein the setting unit 1s configured to set a frequency
which causes the resonance of the housing as the
information, and
the harmonic adjusting unit 1s configured to:
perform adjustment so that a signal including an N-th
overtone generated by the harmonic generating unit
1s sent to the adding unit, when the frequency set by
the setting unit 1s lower than a predetermined value;
and

perform adjustment so that a signal including an M-th
overtone generated by the harmonic generating unit
1s sent to the adding unit, when the frequency set by
the setting unit 1s higher than or equal to the prede-
termined value, M being less than N.

3. The signal processing device according to claim 1,
further comprising;:

a setting unit configured to set information on a charac-

teristic of the housing;
a harmonic adjusting unit configured to adjust the output
signal of the harmonic generating unit according to the
information set by the setting unit; and
a filter adjusting unit configured to adjust a gain of the
resonant band-stop filter according to the information
set by the setting unit,
wherein the setting unit 1s configured to set a resonance
sensitivity of the housing as the imnformation,
the harmonic adjusting unit 1s configured to:
amplily the output signal of the harmonic generating
unit by A times and send the amplified output signal
to the adding umt, when the resonance sensitivity of
the housing set by the setting unit 1s greater than a
predetermined value; and

amplily the output signal of the harmonic generating
unit by B times, when the resonance sensitivity of the
housing set by
the setting unit 1s less than or equal to the predetermined
value, B being less than A, and
the filter adjusting unit 1s configured to:
set the gain of the resonant band-stop filter to -G, when
the resonance sensitivity 1s greater than the prede-
termined value; and

set the gain of the resonant band-stop filter to —H, when
the resonance sensitivity 1s less than or equal to the
predetermined value, —H being greater than -G.

4. A signal processing method performed by a signal
processing device which includes a speaker and a housing to
which the speaker 1s attached, the method comprising:

extracting a frequency component which causes reso-
nance of the housing from an input signal;

generating a harmonic signal for the frequency compo-
nent extracted in the extracting;

adding the harmonic signal generated in the generating
and at least a portion of a frequency component of the
input signal; and

removing the frequency component which causes the
resonance of the housing from a signal obtained by the
adding.
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